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•  Excessive	
  freshwater	
  releases	
  
•  Nutrient,	
  microbial	
  and	
  contaminant	
  pollu9on	
  
•  Harmful	
  algal	
  blooms	
  
•  Loss	
  of	
  seagrass	
  habitat	
  
•  Decline	
  of	
  fisheries	
  
•  Emerging	
  diseases	
  and	
  mortali9es	
  in	
  wildlife	
  
(manatees,	
  dolphins,	
  sea	
  turtles,	
  pelicans,	
  fish,	
  
shellfish)	
  

Cri7cal	
  Issues	
  Facing	
  the	
  IRL	
  



Controlled	
  Eutrophica7on:	
  Integrated,	
  Mul7-­‐Trophic	
  
Aquaculture	
  (IMTA)	
  in	
  the	
  1970s	
  

•	
  Pilot-­‐scale	
  research	
  at	
  Woods	
  Hole	
  and	
  
HBOI	
  to	
  demonstrate	
  feasibility	
  of	
  recycling	
  	
  
human	
  sewage	
  through	
  aquaculture	
  systems;	
  
	
  
•	
  Open,	
  linear,	
  flow-­‐through	
  systems	
  included	
  
phytoplankton	
  ponds,	
  shellfish	
  raceways,	
  	
  
deposit	
  feeders,	
  fish,	
  and	
  macroalgae	
  as	
  	
  
the	
  final	
  “polishing	
  step;”	
  
	
  
•	
  Growth	
  of	
  the	
  red	
  seaweed	
  Gracilaria	
  was	
  	
  
very	
  rapid	
  on	
  seawater/sewage	
  mixtures;	
  
	
  
•	
  Demonstrated	
  success	
  of	
  fast-­‐growing	
  	
  
seaweeds	
  to	
  remove	
  nutrients	
  in	
  aquaculture	
  	
  
systems.	
  	
  
	
  
	
  



Macroalgal	
  Blooms	
  Expand	
  in	
  South	
  Florida’s	
  Coastal	
  Waters	
  

Lee	
  County	
   IRL	
  



Changing	
  Land-­‐Use	
  and	
  Eutrophica7on	
  in	
  the	
  IRL	
  

•	
  Land-­‐Use	
  
	
  urban	
   	
  	
  	
  	
  	
  	
  	
  	
  39%	
  
	
  agriculture	
  	
  	
  	
  	
  24%	
  
	
  forest	
   	
  	
  	
  	
  	
  	
  	
  	
  4.5%	
  
	
  wetland	
  	
  	
  	
  	
  	
  	
  	
  12.1%	
  
	
  range 	
  	
  	
  	
  	
  	
  20.8%	
  

•	
  Eutrophic	
  Condi9on	
  
	
  Moderate	
  to	
  high	
  nitrogen	
  input	
  
	
  High	
  suscep9bility	
  (low	
  flushing)	
  
	
  Substan9al	
  expression	
  of	
  eutrophy	
  
	
  Algal	
  blooms	
  likely	
  to	
  worsen	
  
	
  	
  	
  
	
  	
  	
  

From:	
  Bricker	
  et	
  al.	
  2007	
  Na9onal	
  Estuarine	
  
Eutrophica9on	
  Assessment,	
  NOAA,	
  Silver	
  Springs,	
  MD	
  



Ecosystem	
  Responses	
  to	
  Eutrophica7on	
  in	
  the	
  IRL	
  

•	
  Increasing	
  seagrass	
  epiphytes,	
  	
  
macroalgae,	
  and	
  phytoplankton	
  
	
  
•	
  “Super	
  Bloom”	
  followed	
  mul9-­‐year	
  	
  
drought	
  	
  in	
  2011	
  	
  
	
  
•	
  Brown	
  Tide	
  in	
  2012	
  
	
  
•	
  Unprecedented	
  seagrass	
  die-­‐off	
  
	
  
•	
  Wildlife,	
  fish,	
  shellfish	
  mortality	
  in	
  IRL	
  	
  



Point-­‐	
  and	
  Non-­‐Point	
  Source	
  Sewage	
  Pollu7on	
  

•	
  IRL	
  Act	
  1990	
  eliminated	
  sewage	
  
	
  oufalls	
  but	
  not	
  sep9c	
  tanks	
  (OSTDS)	
  
	
  
•	
  ~	
  300,000	
  non-­‐vacant	
  OSTDS	
  exist	
  on	
  
IRL	
  watersheds	
  
	
  
•	
  Soils	
  on	
  IRL	
  watersheds	
  are	
  unsuitable	
  
for	
  OSTDS	
  
	
  
•	
   Contaminants	
   include	
   nitrogen,	
  
phosphorus,	
   OWCs	
   (pharmaceu9cals,	
  
hormones,	
  etc.),	
  bacteria,	
  viruses	
  
	
  
•	
  Assuming	
  2.5	
  people/OSTDS,	
  es9mated	
  
N-­‐load	
  is	
  ~	
  2,575	
  tons	
  N/yr	
  
	
  
•	
  High	
  Hg	
  in	
  IRL	
  marine	
  mammals	
  and	
  
fish	
  linked	
  to	
  OSTDS?	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Jupiter	
  Creek	
  Sep7c	
  Tank/Water	
  Quality	
  Study	
  
in	
  1995:	
  Loxahatchee	
  River	
  District	
  	
  



Results	
  of	
  Jupiter	
  Creek	
  Study	
  

•	
  Interac9on	
  of	
  groundwaters	
  and	
  Jupiter	
  Creek	
  
	
  influenced	
  by	
  9dal	
  pumping,	
  elevated	
  groundwater	
  
tables	
  in	
  wet	
  season	
  	
  
	
  
•	
  “Failing”	
  	
  sep9c	
  tanks	
  caused	
  ammonium	
  buildup	
  
in	
  groundwaters	
  and	
  Jupiter	
  Creek	
  
	
  
•	
  δ15N	
  values	
  (o/oo)	
  in	
  shallow	
  groundwaters	
  and	
  	
  
Jupiter	
  Creek	
  >	
  +	
  3	
  o/oo,	
  characteris9c	
  of	
  sewage	
  
	
  
•	
  Higher	
  fecal	
  coliforms	
  in	
  wet	
  season	
  compared	
  to	
  
	
  dry	
  season	
  in	
  both	
  groundwaters	
  and	
  Jupiter	
  Creek	
  
	
  
•	
  High	
  concentra9ons	
  (>	
  1,000	
  ug/kg)	
  	
  of	
  coprostanol,	
  	
  
a	
  fecal	
  sterol,	
  present	
  in	
  “black	
  mayonnaise”	
  sediments	
  
	
  



St.	
  Lucie	
  Estuary	
  Study:	
  2005-­‐2006	
  
•  Sampled	
  in	
  June	
  &	
  November	
  2005,	
  
March	
  2006	
  

•  Freshwater	
  discharges	
  caused	
  low	
  
salinity	
  and	
  DO,	
  high	
  nutrients,	
  
turbidity,	
  coliforms	
  

•  Highest	
  turbidity,	
  nitrate,	
  and	
  TN	
  in	
  
South	
  Fork	
  (C-­‐44);	
  ammonium	
  and	
  
phosphate	
  highest	
  in	
  North	
  Fork	
  
(C-­‐23,	
  C-­‐24)	
  

•  Highest	
  nutrients	
  and	
  coliforms	
  
near	
  residen9al	
  areas	
  with	
  high	
  
densi9es	
  of	
  sep9c	
  tanks	
  

•  Toxic	
  Microcys+s	
  blooms	
  in	
  
Manatee	
  Pocket	
  in	
  2013	
  had	
  high	
  
δ15N	
  values	
  (+	
  8.6	
  o/oo)	
  in	
  the	
  
range	
  of	
  sewage	
  nitrogen	
  



IRL-­‐Wide	
  Study	
  
2011-­‐2012	
  

20	
  IRL	
  Sites	
  +	
  4	
  Reference	
  Sites	
  

•	
  Objec9ves:	
  Use	
  mul9ple	
  lines	
  of	
  
evidence	
  (dissolved	
  nutrients,	
  	
  C:N:P	
  
and	
  δ15N	
  in	
  macroalgae)	
  to	
  assess	
  
spa9al/temporal	
  paperns	
  in	
  nutrient	
  
pollu9on,	
  N-­‐	
  vs.	
  P-­‐limita9on	
  of	
  algal	
  
growth,	
  and	
  N	
  sources	
  fueling	
  
eutrophica9on	
  in	
  the	
  IRL.	
  

•	
  Goal:	
  Improve	
  water	
  quality	
  in	
  the	
  
IRL	
  by	
  providing	
  high-­‐quality,	
  user-­‐
friendly	
  data	
  to	
  resource	
  managers	
  
and	
  policy-­‐makers.	
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Macroalgae	
  as	
  Bio-­‐Observatories	
  in	
  the	
  IRL	
  

	
  
Gracilaria	
  (kvahiae	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  
Caulerpa	
  prolifera	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  
Hypnea	
  musciformis	
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  mexicana	
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  schenckii	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

Acanthophora	
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  Stable	
  N	
  Isotopes	
  in	
  Macroalgae	
  Iden7fy	
  Sewage	
  N	
  Source	
  	
  

Source	
   δ15N	
  Level	
  
OSTDS	
  effluent	
   +3	
  to	
  +5	
  

Treated	
  wastewater	
   +5	
  to	
  +28	
  

Upwelling	
   +2	
  

Nitrogen	
  fixa9on	
   0	
  

Atmospheric	
  N	
   -­‐3	
  to	
  +2	
  

Fer9lizers	
   -­‐2	
  to	
  +2	
  

Everglades	
  peat	
   0	
  to	
  +2	
  

•  δ15N	
  in	
  IRL	
  averaged	
  +	
  6.3	
  o/oo	
  

•  δ15N	
  in	
  IRL	
  comparable	
  to	
  other	
  
areas	
  with	
  known	
  sewage	
  
contamina9on	
  

 



Indian	
  River	
  County	
  Sampling	
  

•  October	
  2013	
  (wet	
  season)	
  
•  March	
  2014	
  (dry	
  season)	
  
•  Surface	
  water	
  	
  
•  Groundwater	
  
•  Reference	
  Sites	
  



Dissolved	
  N	
  and	
  P	
  Levels	
  in	
  Natural	
  Vs.	
  Residen7al	
  Areas	
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A	
  Human	
  Tracer:	
  Sucralose	
  

Oppenheimer et al. (2011) and FDEP (2014) 
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Erosion Control 

Special Report

The construction engineer’s source for projects, products and technology
•	
  Sep9c	
  tanks	
  do	
  not	
  protect	
  
	
  	
  IRL	
  water	
  resources	
  
	
  
•	
  This	
  is	
  an	
  inadequate	
  
infrastructure	
  problem	
  on	
  
watersheds	
  of	
  IRL	
  
	
  	
  
•	
  Ac9on	
  plan	
  to	
  implement	
  	
  
OSTDS	
  language	
  of	
  1990	
  	
  
IRL	
  Act?	
  	
  
	
  	
  
•	
  Sep9c	
  tank	
  reduc9ons	
  as	
  
	
  part	
  of	
  BMAPs?	
  	
  

Moving	
  Forward	
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